Abstract: High-pressure chambers filled with gaseous hydrogen (HHPC), deuterium (DHPC) and helium (HeHPC) under different initial pressures from about 1 kbar up to 3 kbar were irradiated with braking γ-rays of threshold energy 10 MeV during varying periods of exposure at the electron beam currents 22-24 µА. Upon opening of these chambers, a lot of new synthesized structures with unusual element compositions very different from the initial ones were found. The described phenomena agree well with a series of studies by authors carried out under the action of γ-rays on dense gases of hydrogen, deuterium and helium in the presence of chosen metals in the reaction chamber.
Introduction


The element compositions of the synthesized particles and objects as well as the surface structure of the deuterium high-pressure chamber (DHPC) elements have been studied using samples of a number of metals and alloys as Al, V, Cu, Pd, Sn, Re, Pb, YMn2, stainless steels in the shape of cylindrical rods and wires, placed in gaseous molecular deuterium under high pressure and subjected to the action of braking γ-rays with energies of 10 MeV [1] [2] [3] [4] [5] [6] and 23 MeV [7] [8] [9] [10] [11] . Analogous investigations aimed at studying the possibilities of nuclear reactions were carried out using hydrogen high pressure chambers (HHPC) in presence of palladium [12, 13] and tin rods, as well as with hydrogen only without any metallic samples inside [14] , under irradiation with 10 MeV braking γ-rays. The phenomenological-model approaches for the description of the obtained experimental data on the basis of nuclear fission
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reactions within the liquid-drop nuclear model and nuclear fission and fusion reactions are presented in Refs. [5, 12, [14] [15] [16] .
Apart from that, a helium high-pressure chamber (HeHPC) filled with gaseous helium under initial pressure about 1.1 bar was irradiated by braking γ-rays with a threshold energy of 10 MeV during 1.0 × 10 5 s at the electron beam current 22-24 µA [13, 17] .
Upon opening of the НеНРС, the residual pressure of helium was found to be 430 bar. Inside the НеНPС, synthesized foils of black colour and other multiple objects were observed on the inner surfaces of the reaction chamber made of high-purity (99.99%) copper, beryllium bronze entrance window for γ-rays and copper collector of nuclear and chemical reaction products. The element analysis which was carried out using SEM (scanning electron microscopy) and XRMPA (X-ray microprobe analysis) allowed us to establish that the objects were composed predominantly of carbon and oxygen, with smaller quantities of such elements as 2 and atomic He gases, in the absence of metallic samples, with γ-rays of energies near 10 MeV, which has led to the formation of considerably large particles due to physical-chemical reactions. The high pressure apparatus used in our experiments is shown in Fig. 1. energy was equal to 9.7 MeV at the average current 20-21 µА. The braking γ-rays were obtained using a target device which consisted of a braking tungsten target of 2.5 mm foil thickness and a 25 mm aluminum absorber of electrons. During opening of the HHPC, it spilled out eight small particles about 1 mm in size. Some of them were dark, and the other were of light colour. When being photographed with a special tool, all of the particles turned out to be transparent.
Results of γ-ray
The photos in Fig. 2 obtained using a special photomicrography tool show the "light" (a) and "dark" (b) particles at about the same scale. Fig. 3 shows SEM images of a dark particle with a size about 703 µm to 628 µm (a) and of its lengthy "tail" (b). Afterwards, this tail was broken during the studies. In regions 17 (a) and 18 (b) from Fig. 3(a, b) , XRMPA was done. Table 1 provides the element compositions measured in regions 17 ( Note that both parts of the dark particle contain only light elements, such as 6 C, 7 N↑, 8 O, 9 F↑, 10 Ne↑, 11 Na, 12 Mg, 13 Al, 14 Si, 15 P, 16 S, 17 Cl, 18 Ar↑, 19 K, 20 Ca, and a heavier metal 29 Cu. Here is a series of elements with a nucleus charge change by ΔZ = 1 from Z = 6 (carbon) to Z = 20 (calcium), where the volatile elements 7 N↑, 9 F↑, 10 Ne↑, 18 Ar↑, which could not have formed any chemical compounds, were not detected. The same refers to the elements which are lighter than carbon and have a nucleus charge Z < 6, i.e. such elements as 1 D, 2 He, 3 Li, 4 Be and 5 B, since they cannot be registered by an x-ray microprobe spectrometer.
Results of Synthesis of New Particles and Structures in Dense Deuterium Using the DHPC under the Action of γ-rays with 10 MeV Energy
Shown in Fig. 1 is a modified high pressure chamber (with an inside diameter of 8mm) used for the deuterium experiment with the initial pressure 2.2 kbar with a relative deuterium purity ≈ 10 -6 (see Ref.
[17]). The experiment was repeated under a pressure of 3.05 kbar with element 8 (see [10]. The integrated electron fluence at the target was ≈ 2.5 × 10 19 е -during the whole experiment. After the irradiation procedure the pressure in the chamber remained constant during one month, so leakage of gas was not observed. The irradiation time was t = 1.76 × 10 5 s at the electron current 20-21 μА. During the irradiation at the stationary state, due to growing temperature an increase of deuterium pressure in the chamber was noted, from initial pressure p o ≈ 2.085 kbar at Т 0 = 293 К to p stat ≈ 2.697 kbar at Т stat. = 343 K, which means "by jump": Δp ≈ 612 bar. Here, the temperature T stat was measured at the surface of the pressure chamber made of beryllium bronze (Fig. 1, position b) inside the protecting sleeve (Fig. 1, position 11 ) made from stainless steel. Taking into consideration the known ideal gases rule [15] , the calculated pressure should be: p calc = 2.441 kbar.
Thus, the pressure change ought to be Δp cal = p calc -p o = 356 bar, as opposed to direct measurement yielding the value Δp meas = 612 bar. In this situation we can suppose that the temperature inside the beryllium bronze chamber was higher, attaining the value: T stat,cal = T 0 p stat /p o ≈ 379 К. That means it was 36 K higher. The interpretation of this difference can be based on the supposition that some nuclear reactions took place during our experiment, which will be described in our next paper. It should be noted that in the case of the experiment with hydrogen the calculated growth of pressure during the irradiation was in proper relation to the temperature measured at the surface of the pressure chamber made of beryllium bronze (Fig. 1, position 6 ).
After opening of the DHPC from the gamma ray entrance side (Fig. 1, position 5) , a considerable quantity of carbon foils covered by oily liquid resembling hydrocarbon and particles of 1 mm size were found.
Below we present images of carbon foils and structures found on the inner surfaces of the DHPC.
Results of Measurements
An accurate SEM and XRMPA observation of the inner surface of the high pressure chamber and inner surface of the split sleeve and closing element revealed 26 different objects which are described in a preprint published by the Joint Institute of Nuclear Research. Here we will describe only the most interesting and representative results which can be interpreted.
The objects found on the inner surface of the window plug (Fig. 1, position 4) . Eight interesting objects were found and only two are presented below. Fig. 4a shows a curious multiple object in the form of small pillars which element composition is given in Table 1 .
The object found on the inside surface of the split sleeve-a container for expected products of nuclear reactions. Fig. 5 gives a view of the inner surfaces of the first and second halves of the sleeve. We can see dark places on the light surfaces. The element compositions at these places are presented in Table 2 . In the second case, we can observe a small amount of Cu, which can be interpreted as a large thickness of this object. MPRA used in our experiments collects information from the depth no greater than 4 μm. Fig. 6b displays an unusual element in the form of a thread with two oval overlapped spheres; the element composition at the marked point is given below.
The effects observed on the surface of the closing disk made of pure copper. Shown in Fig. 7a is an image of the closing disc. One can see here similar dark stains as on the surface of the sleeve half (a). Fig.  7b is a triangular structure on the surface of this disk with a large amount of iron (see Table 2 ). Table 2 The element compositions measured for the marked areas in Figs. 3, 4, 7-9 . 
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Fig. 8 SEM images of the large and regular-shape particles with large amounts of oxygen (8a) and with a small amount of oxygen (8b).
The synthesized structures found during demounting of the pressure chamber, from the left and right parts of the pressure chamber (see Fig. 1 ).
As mentioned above, many different large particles were found after the irradiation. Here we are going to present only two typical ones. One particle, with a large amount of oxygen and of a rather regular shape, is shown in Fig. 8a , and its element composition is given in Table 2 . Another particle, with a large amount of carbon and of a rather non-regular shape, is shown in Fig. 8b ; and its element component is given in Table 2 , too.
Results of synthesis of new particles and
structures in dense helium using HeHPC under the action of γ-rays with 10 MeV threshold energy and at pressures 1.1 and 3.05 kbar. In this paper we are going to describe only the most intriguing and unusual objects described in more detail in Refs. [13, 17] and add some new data obtained recently.
Optical Studies of the Black Oily Foils Synthesized in HeHPC under the Action of Braking γ-rays at Pressure 1.1 kbar
Upon opening of the chamber, black foils with reinforcing needles were observed at the junction of the entrance window and reaction chamber (see Fig. 1 , pos. 5). Part of the needles protruded from the foils as lengthy white rods of uniform thickness. The foils were then placed on a clean sheet of (tracing) paper. In the place where the black foils were found, the tracing paper was soaked with exudation from the foils. Such exudation resembled synthetic oil or liquid hydrocarbons. In Fig. 11 , the photos obtained using a special device for photomicrography show an array of round black foils which acquired this shape due to the cylindrical symmetry of the reaction chamber's entrance window (see Fig. 1 , pos. 5).
Paper [18] (Figs. 2 and 6 ) describes other black particles of complex shape obtained in the first experiment. Using the element compositions measured at some points, it was possible to determine some regularities with the help of their mean values (see Fig. 11 ).
Synthesis of New Structures and Substances in Dense Gases
In a second helium experiment we observed another kind of inhomogeneities. Namely, the main products of synthesis of similar chemical content that covered the surface of the split sleeve surface which is presented in Fig. 11 . This experiment is described in preprint [17] where only some, most interesting and representative facts are considered.
The objects found on the inner surfaces of the CuBe Cu 0.98 Be 0.02 window-plug (Fig. 1, position 3) . At the surface we have observed three interesting objects, one of them being of pyramidal form. These objects are composed mainly of carbon (26.5 at.%), oxygen (62.31 at.%) and potassium (8.33 at.%) and can be viewed in Fig. 8a .
The objects observed on the Cu 0.98 Be 0.02 cylinder. On the surface of the cylinder (divided into two equal parts) we could observe 27 different objects. Three of them, of large dimensions and complicated form, located on the wall, are presented in Fig. 9 and their element compositions are given in Table 1 .
An example of deposition on a wall and an object of complicated form are shown in Fig. 10 . On the right, there is a photo of the respective surface before irradiation. Fig. 11 summarizes the element compositions measured for different objects. The curves are given for two experiments with account of the mean values for the element compositions obtained using the MPRA method. Presented curves are different but have a similar character, i.e. a regular decreasing tendency of atomic concentration with a rising atomic number. In those experiments, inside the HeHPC there was either spectrally pure helium under different pressures or a palladium rod in such helium atmosphere.
All of the three synthesized particles here are the largest objects shown in Figs. 2 and 3 (see also Refs. [3, 5] ), and have dielectric properties. According to the X-ray structural analysis, these articles have amorphous structures with a complex hydrocarbon composition that is absent in the reference library of the X-ray analysis. Due to its importance and for the purpose of greater reliability of the data, the structure of synthesized particles was analyzed using microscopes and X-ray micro-analyzers at two independent analytical centers: the Analytical Centre of the Russian Academy of Sciences and the Skobeltsyn Laboratory of the Research Institute of Nuclear Physics, Moscow State University. The mechanical properties of the large particles were not investigated. But there is a most intriguing problem with the electrical properties of the carbon-based structures which we obtained during all the helium experiments. The latest measurements have shown a very large electrical resistivity or non-conductive objects. Also, we have to study the object with a typical elastic-brittle characteristic which is described in Ref. [1] (see appendix). All these results together with mechanical studies will be published soon.
Conclusions
It is obvious from the results presented here that: (1) in pure hydrogen with hydrogen-saturated palladium; (2) in pure hydrogen; (3) in pure deuterium with deuterium-saturated palladium; (4) with metals (Al, V, Ni, Cu, Zn, Re, Ta, W, Pb, Bi), YMn2 and stainless steel placed in pure deuterium and (5) in spectrally pure helium, one can observe "upstream" nuclear reactions with synthesis of heavier elements and "downstream" reactions with asymmetric fission, with the formation of both light elements from carbon to iron and heavier elements (Ag, Zr, Ba, Ta, W, Pb, Pt, Au), as it was observed in the study of such effects in the HHPC, DHPC, HeHPC and FDHPC (finger type HPC, see Ref. [9] ), under irradiation by γ-rays with energies about 10 MeV and 23 MeV. For the purpose of interpreting a wealth of results obtained on the formation of new elements in nuclear reactions and physical-chemical reactions leading to synthesis of various particles, structures and objects, the following approaches were taken under consideration: the phenomenological model of deuteron photodisintegration with Oppenheimer's reaction [18, 19] , atomic processes of γ-ray scattering on atoms [16] , formation of a dinuclear system [20] , a quasi-classical approach with a two-hump ion potential [21] , internal conversion in solids using a third charged particle [22] , stabilization of nuclei in respect to the β-decay with occupied electronic shells [23] , interpretation of cluster radioactivity [24] , synthesis of elements in astrophysics and element abundance in the Universe (see Refs. [25] [26] [27] ). From the authors' point of view, for the description of the observed phenomena it is important to elaborate new approaches to fission and fusion nuclear reactions as it has been done in astrophysics.
